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Abstract
Objective: To determine whether mobilisation timing was associated with the cumulative incidence of hospital discharge by
30 days after hip fracture surgery, accounting for potential confounders and the competing risk of in-hospital death.
Method: We examined data for 135,105 patients 60 years or older who underwent surgery for nonpathological first hip
fracture between 1 January 2014 and 31 December 2016 in any hospital in England or Wales. We tested whether the
cumulative incidences of discharge differed between those mobilised early (within 36 h of surgery) and those mobilised late,
accounting for potential confounders and the competing risk of in-hospital death.
Results: A total of 106,722 (79%) of patients first mobilised early. The average rate of discharge was 39.2 (95% CI 38.9–39.5)
per 1,000 patient days, varying from 43.1 (95% CI 42.8–43.5) among those who mobilised early to 27.0 (95% CI 26.6–
27.5) among those who mobilised late, accounting for the competing risk of death. By 30-day postoperatively, the crude and
adjusted odds ratios of discharge were 2.36 (95% CI 2.29–2.43) and 2.08 (95% CI 2.00–2.16), respectively, among those
who first mobilised early compared with those who mobilised late, accounting for the competing risk of death.
Conclusion: Early mobilisation led to a 2-fold increase in the adjusted odds of discharge by 30-day postoperatively. We
recommend inclusion of mobilisation within 36 h of surgery as a new UK Best Practice Tariff to help reduce delays to
mobilisation currently experienced by one-fifth of patients surgically treated for hip fracture.
Keywords: hip fracture, early mobilisation, length of stay, competing event, audit, older people
Key Points
• In all, 79% of patients mobilised within the recommended 36 h of their hip fracture surgery.
• Mobilisation within 36 h of surgery was associated with a higher rate of discharge each day for 30-day postoperatively.
• Early mobilisation led to a 2-fold increase in the adjusted odds of discharge by 30-day postoperatively.
• Inclusion of mobilisation within 36 h of surgery as a new BPT could reduce delays to mobilisation.
Introduction
In 2018, UK hospitals surgically treated 98% of the 66,313
older adults admitted with hip fracture [1]. To maximise
the benefits of surgery, the National Institute for Health
and Care Excellence (NICE) Clinical Guideline 124 recom-
mends patients are mobilised on the day after hip fracture
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longer waits may lead to complications such as pulmonary
embolism or pneumonia [3] and loss of muscle strength
induced by bed rest [4]. These complications may lead to
delay to discharge and/or in-hospital death. Further, a recent
UK qualitative study reported participants’ perceived hip
fracture as a temporary disruption in their lives, which could
be overcome through early engagement with rehabilitation
to achieve their goal of discharge from hospital [5]. Yet, a
recent audit indicated only 68% of patients mobilised on the
day after surgery, and in 7% of sites this was achieved for less
than half of their patients [6].
The UK Best Practice Tariff (BPT) system may offer
a mechanism to promote early mobilisation as best prac-
tice in line with the NICE guidelines and patient-reported
goals [7]. The BPT system incentivises providers by payment
when requirements of activities related to tariffs are met [7].
For hip fracture, there are six BPTs whose compliance is
monitored from data submitted by providers to the National
Hip Fracture Database (NHFD) audit programme [1,7].
The BPTs change as variation in tariffed activities becomes
negligible and evidence emerges to support the introduction
of new tariffs. The current evidence underlying the NICE
guideline for early mobilisation is based on one trial of
low to moderate quality and therefore the findings were
‘interpreted with caution’ [2]. There is a need to generate
additional evidence to support the introduction of an early
mobilisation BPT.
We examined available records from the NHFD linked
to hospitalisation records to determine whether mobilisa-
tion timing was associated with the cumulative incidence
of hospital discharge by 30 days after hip fracture surgery,




We examined data for 170,970 patients 60 years or older
who underwent surgery for nonpathological first hip frac-
ture with a hospital stay of at least 1 day after surgery
between 1 January 2014 and 31 December 2016 in any
hospital in England or Wales. These data were identified
from the NHFD audit maintained by the Royal College of
Physicians on behalf of Healthcare Quality Improvement
Partnership. The NHFD assembles data on the character-
istics of all patients and the care they received following
hospitalisation with hip fracture in the United Kingdom
[1]. We linked the NHFD to the Hospital Episode Statistics
database from National Health Service (NHS) Digital and
the Patient Episode Database for Wales from NHS Wales
Informatics Service for additional data on comorbidities,
ethnicity, deprivation and mortality (Supplementary File 1).
We selected patients with complete data for both exposure
and outcome (n = 135,105). Differences between patients
with and patients without complete data for exposure and
outcome are presented in Supplementary File 2.
Exposure
The exposure was a binary indicator for the timing of first
mobilisation, grouped as ‘early’ (within 36 h of surgery)
and ‘late’ (beyond 36 h of surgery). The NHFD defines
mobilisation by the ability to sit or stand out of bed [1].
Data for this indicator is identified through review of
charts by the clinical team at each hospital and approved
by the Consultant Geriatrician prior to submission to
the NHFD.
Study outcome
The study outcome was hospital discharge. Discharge
was identified by the NHFD discharge destination codes:
own home/sheltered housing, residential care, nursing
home or long-term care hospital. In-hospital death was
treated as a competing event. Patients were followed up
to 30 days on the premise that longer stays reflect nonacute
hospitalisation [8].
Statistical analysis
We describe patient and care characteristics as proportions,
overall and by mobilisation timing. We used the χ 2 test to
compare distributions of patient and care characteristics by
mobilisation timing. We estimated the daily rate of discharge
by dividing the number of discharges by the total number
of inpatient days, overall and by mobilisation timing. We
estimated the cumulative incidence of discharge as a function
of postoperative day, with in-hospital death as a competing
event. We treated hospital stays that ended with loss to
follow-up (NHFD discharge destination of rehabilitation
unit, acute hospital or unit) and stays that exceeded 30
postoperative days as right-censored observations [9]. We
used the Pepe–Mori two-sample test [10] and proportional
odds regression models [11] to test whether the cumulative
incidences of discharge differed between those mobilised
early and those mobilised late. We summarised the differ-
ences by 30-day risk differences [12] and by odds ratios [13].
The analysis was conducted with R [14] packages CIFsmry
[15], cmprsk [16], prodlim [17] and geepack [18].
We adjusted for potential confounders in the regression
analysis [19]. We adjusted for patient characteristics age
(<85 years, ≥85 years) [20], sex [20], ethnicity (White,
Caribbean or African or any mixed Black background,
Asian or Asian British or any mixed Asian background, any
other mixed background) [21], fracture type (intracapsular,
intertrochanteric/subtrochanteric) [20], deprivation (Index
of Multiple Deprivation decile groups) [22], comorbidities
(heart failure or pulmonary oedema) [23], chronic obstruc-
tive pulmonary disease [24], ischaemic heart disease (acute
or chronic) [25], cardiac dysrhythmias [26], hypertension
[27], hypotension [28], diabetes with complication [29],
Alzheimer’s or dementia [30], depression [31], delirium
[31], American Society of Anaesthesiologists grade [32],
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care/residential care) [20] and prefracture mobility (no
functional mobility, indoor mobility, outdoor mobility)
[33]. We adjusted for processes timing of surgery (within
36 h target time, not within 36 h target time) [34] and
procedure type (internal fixation, hemiarthroplasty/arthro-
plasty) [35]. We adjusted for structures hospital volume
(low (less than first quartile), medium (second and third
quartile) or high (fourth quartile) volume at admission
based on the average annual number of surgeries at the
admitting hospital) [36], day of admission (Monday–Friday,
Saturday–Sunday) [36] and calendar year of admission
(2014, 2015, 2016) as a proxy for changes in practice
and funding.
Sensitivity analysis
We completed additional analysis to determine whether the
results of the complete case analysis were sensitive to data
missingness in the exposure and potential confounders using
a multiple imputation by chained equation (MICE) tech-
nique [37, 38]. We identified missing values and replaced
them with a random sample of plausible (imputed) values.
We generated 25 imputed datasets to reduce the sampling
variability from the imputation process and to limit the loss
of power to no more than 1% for testing the association
between exposure and outcome [37, 39]. We estimated the
30-day risk differences and odds ratios for each of the 25
datasets. We performed the MICE using MICE R package
and analysis model [38] and the combination across imputed
datasets using Rubin’s rules [40]. We did not impute missing
data for the outcome as the approach offers limited protec-
tion against outcome data not missing at random, with small
performance differences between no outcome imputation
and outcome imputation for data missing at random [41].
Approvals
This study received NHS Health Research Authority and
Health and Care Research Wales approval (Integrated
Research Application System Project ID: 230215). The study
did not require NHS research ethics committee approval as
it involves secondary analysis of pseudonymised data (i.e. a
patient may only be identified if data were combined with
other data not available to the research team).
Results
Patient characteristics
A total of 135,105 patients surgically treated for a nonpatho-
logical first hip fracture between 1 January 2014 and 31
December 2016 were included in the analysis (Table 1). The
majority was women (73%), White (71%), admitted from
home (80%), presented with at least one major comorbidity
(72%) and an intracapsular hip fracture (59%). The largest
proportions of patients were aged 85–94 years old (41.3%),
freely mobile without aids prefracture (38%), admitted to
high-volume hospitals (51%), between Monday and Friday
(67%) and underwent surgery within the recommended
target time (72%).
Discharge by mobilisation timing
Overall, 106,722 (79%) of patients first mobilised early. By
30-day postoperatively, 71,330 (53%) hospital stays ended
with discharge, 5,709 (4%) ended with in-hospital death,
44,465 (33%) had right-censoring events and 13,601 (10%)
stays were longer than 30 days (Figure 1, Table 2). Among
those discharged, 51,320 (72%) went home and 20,010
(28%) went to nursing or residential care. The average rate
of discharge was 39.2 (95% CI 38.9–39.5) per 1,000 patient
days, varying from 43.1 (95% CI 42.8–43.5) among those
who mobilised early to 27.0 (95% CI 26.6–27.5) among
those who mobilised late, accounting for the competing risk
of death. By 30-day postoperatively, there were an addi-
tional 187 (95% CI 179–195) discharges per 1,000 surg-
eries among patients who mobilised early when compared
with those who mobilised late, accounting for the compet-
ing risk of death (Figure 2). Figure 3 shows the between-
group difference persisted over the 30-day period, favour-
ing those who first mobilised early. The size of difference
increased with time, reaching a maximum at day 16, and
then decreased steadily but moderately. By 30-day postoper-
atively, the crude and adjusted odds ratios of discharge were
2.36 (95% CI 2.29–2.43) and 2.08 (95% CI 2.00–2.16),
respectively, among those who first mobilised early compared
with those who mobilised late, accounting for the competing
risk of death.
Sensitivity analyses
For imputed results, an additional 170 discharges per 1,000
surgeries was estimated among patients who mobilised early
when compared with those who mobilised late, account-
ing for the competing risk of death. By postoperative day
30, the crude and adjusted odds ratios of discharge were
2.21 (95% CI 2.15–2.28) and 1.97 (95% CI 1.90–2.03),
respectively, among those who mobilised early compared
with those mobilised late, accounting for the competing risk




Overall, 79% of patients mobilised within the recommended
36 h of their hip fracture surgery. Mobilisation within 36 h
of surgery was associated with a higher rate of discharge each
day for the first 30 postoperative days when compared with
mobilisation after 36 h of surgery. This early mobilisation
led to a 2-fold increase in the odds of discharge by 30-day
postoperatively after adjustment for potential confounders
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Table 1. Characteristics of 135,105 patients surgically treated for nonpathological first hip fracture overall and by timing of
mobilisation
All (N = 135,105) Mobilisation day of or day after
surgery (N = 106,722)
Mobilisation at least 2 days
after surgery (N = 28,383). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
n (%) n (%) n (%)
Age at admission (years)∗ 60–74 23,908 (17.7) 19,957 (83.5) 3,951 (16.5)
75–84 47,557 (35.2) 38,067 (80.0) 9,490 (20.0)
85–94 55,758 (41.3) 42,899 (76.9) 12,859 (23.1)
≥95 7,640 (5.7) 5,612 (73.5) 2,028 (26.5)
Missing 242 (0.2) 187 (77.3) 55 (22.7)
Sex∗ Women 98,227 (72.7) 78,041 (79.4) 20,186 (20.6)
Men 36,876 (27.3) 28,680 (77.8) 8,196 (22.2)
Missing 2 (0.0) 1 (50.0) 1 (50.0)
Ethnicity∗ White 95,471 (70.7) 75,890 (79.5) 19,581 (20.5)
Caribbean or African or any mixed
Black background
227 (0.2) 149 (65.6) 78 (34.4)
Asian or Asian British or any mixed
Asian background
1,193 (0.9) 914 (76.6) 279 (23.4)
Any other mixed background 25 (0.0) 19 (76.0) 6 (24.0)
Missing 38,189 (28.3) 29,750 (77.9) 8,439 (22.1)
Comorbidities∗,a Heart failure or pulmonary oedema 12,969 (9.6) 9,165 (70.7) 3,804 (29.3)
Chronic obstructive pulmonary disease 17,360 (12.9) 13,105 (75.5) 4,255 (24.5)
Ischaemic heart disease (acute) 11,547 (8.6) 8,638 (74.8) 2,909 (25.2)
Cardiac dysrhythmias 26,692 (19.8) 19,935 (74.7) 6,757 (25.3)
Ischaemic heart disease (chronic) 20,148 (14.9) 15,109 (75.0) 5,039 (25.0)
Hypertension 65,505 (48.5) 51,771 (79.0) 13,734 (21.0)
Hypotension 10,292 (7.6) 7,388 (71.8) 2,904 (28.2)
Diabetes with complication 1,674 (1.2) 1,248 (74.6) 426 (25.4)
Alzheimer’s or dementia 35,077 (26.0) 25,283 (72.1) 9,794 (27.9)
Depression 9,659 (7.2) 7,412 (76.7) 2,247 (23.3)
Delirium 10,000 (7.4) 7,178 (71.8) 2,822 (28.2)
ASA gradeb I 3,105 (2.3) 2,820 (2.6) 285 (1.0)
II 36,636 (27.1) 31,503 (29.5) 5,133 (18.1)
III 74,803 (55.4) 58,179 (54.5) 16,624 (58.6)
IV 16,993 (12.6) 11,412 (10.7) 5,581 (19.7)
V 289 (0.2) 168 (0.2) 121 (0.4)
Missing 3,279 (2.4) 2,640 (2.5) 639 (2.3)
Prefracture residence∗ Own home/sheltered housing 107,972 (79.9) 87,887 (81.4) 20,085 (18.6)
Nursing care/residential care 24,487 (18.1) 17,043 (69.6) 7,444 (30.4)
Otherd 2,625 (1.9) 1,775 (67.6) 850 (32.4)
Missing 21 (0.0) 17 (81.0) 4 (19.0)
Prefracture mobility∗ Freely mobile without aids 51,911 (38.4) 44,021 (84.8) 7,890 (15.2)
Mobile outdoors with one aid 30,179 (22.3) 24,281 (80.5) 5,898 (19.5)
Mobile outdoors with two aids or
frame
18,893 (14.0) 14,617 (77.4) 4,276 (22.6)
Some indoor mobility but never goes
outside without help
30,834 (22.8) 21,663 (70.3) 9,171 (29.7)
No functional mobility 1,786 (1.3) 1,071 (60.0) 715 (40.0)
Missing 1,502 (1.1) 1,069 (71.2) 433 (28.8)
Deprivation∗ Least deprived 10% 10,050 (7.4) 7,827 (77.9) 2,223 (22.1)
Less deprived 10–20% 9,876 (7.3) 7,620 (77.2) 2,256 (22.8)
Less deprived 20–30% 10,748 (8.0) 8,310 (77.3) 2,438 (22.7)
Less deprived 30–40% 11,533 (8.5) 8,964 (77.7) 2,569 (22.3)
Less deprived 40–50% 12,104 (9.0) 9,502 (78.5) 2,602 (21.5)
More deprived 40–50% 12,783 (9.5) 10,047 (78.6) 2,736 (21.4)
More deprived 30–40% 12,564 (9.3) 9,915 (78.9) 2,649 (21.1)
More deprived 20–30% 12,194 (9.0) 9,710 (79.6) 2,484 (20.4)
More deprived 10–20% 12,092 (9.0) 9,694 (80.2) 2,398 (19.8)
Most deprived 10% 11,440 (8.5) 9,215 (80.6) 2,225 (19.4)
Missing 19,721 (14.6) 15,918 (80.7) 3,803 (19.3)
Fracture type∗ Intracapsular 79,797 (59.1) 63,596 (79.7) 16,201 (20.3)
Intertrochanteric 47,238 (35.0) 37,170 (78.7) 10,068 (21.3)
Subtrochanteric 8,010 (5.9) 5,907 (73.7) 2,103 (26.3)
Missing 60 (0.0) 49 (81.7) 11 (18.3)
Surgery timing∗ Within target time of 36 h 96,721 (71.6) 77,211 (79.8) 19,510 (20.2)
Not within target time 29,977 (22.2) 22,849 (76.2) 7,128 (23.8)
Missing 8,407 (6.2) 6,662 (79.2) 1,745 (20.8)
Procedure type∗ Internal fixation 65,790 (48.7) 52,069 (79.1) 13,721 (20.9)
Hemiarthroplasty 58,320 (43.2) 44,983 (77.1) 13,337 (22.9)
Arthroplasty 10,407 (7.7) 9,246 (88.8) 1,161 (11.2)
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Table 1. Continued
All (N = 135,105) Mobilisation day of or day
after surgery (N = 106,722)
Mobilisation at least 2 days
after surgery (N = 28,383). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Calendar year of surgery∗ 2014 31,680 (23.5) 24,668 (77.9) 7,012 (22.1)
2015 54,208 (40.1) 43,185 (79.7) 11,023 (20.3)
2016 49,217 (36.4) 38,869 (79.0) 10,348 (21.0)
Day of admission∗ Weekday 91,065 (67.4) 71,720 (78.8) 19,345 (21.2)
Weekend 41,884 (31.0) 33,480 (79.9) 8,404 (20.1)
Missing 2,156 (1.6) 1,522 (70.6) 634 (29.4)
Hospital volume∗, c Low 33,909 (25.1) 26,506 (78.2) 7,403 (21.8)
Medium 32,013 (23.7) 25,748 (80.4) 6,265 (19.6)
High 69,183 (51.2) 54,468 (78.7) 14,715 (21.3)
Data are presented according to the categories used in regression analysis. ∗P ≤ 0.001. aDoes not include 18,831 without comorbidity data. bI, normal healthy
individual; II, mild systemic disease that does not limit activity; III, severe systemic disease that limits activity but is not incapacitating; IV, incapacitating systemic
disease, which is constantly life threatening; V-moribund, not expected to survive 24 h with or without surgery. cLow (less than first quartile), medium (second and
third quartile) or high (fourth quartile) volume at admission based on the average annual number of surgeries at the admitting hospital. dRehabilitation unit/acute
hospital/already in hospital/this hospital site/other hospital site of this trust/other hospital trust, merged with ‘missing’ for regression analysis.
Table 2. Cumulative incidence of discharge by timing of mobilisation among 135,105 patients surgically treated for
nonpathological first hip fracture













of CIF (95% CI)
Adjusted OR of
CIF (95% CI)e. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mobilised 2 days or more
after surgery
28,383 2,549 12,032 27.0 (26.6–27.5) 567 (559–574) 1.00 1.00
Mobilised on the day of or
day after surgery
106,722 3,160 59,298 43.1 (42.8–43.5) 753 (750–757) <0.001 2.36 (2.29–2.43) 2.08f
(2.00–2.16)
CIF, cumulative incidence function; CI, confidence interval; OR, odds ratio. aAt 30 days from surgery. bAt 30 days from surgery. cPer 1,000 patient–days. dTwo-
sample test compared with mobilised 2 days or more after surgery. eAdjusted for age, sex, ethnicity, fracture type, calendar period of admission, timing of surgery,
comorbidity, ASA grade, prefracture residence, prefracture mobility, procedure type, day of admission and hospital volume. CIF regression at inpatient days 3, 4,
6, 8, 12, 16, 20, 24 and 30. fExcludes 50,959 patients with unknown information on adjustment variables. Analysis after imputation of adjustment variables is
available in Supplementary File 3.
Figure 1. Cumulative incidence of postoperative discharge and
death by days after surgery among patients surgically treated for
nonpathological first hip fracture.
Comparison with other literature
The NICE Clinical Guideline’s recommendation for early
mobilisation is based on a randomised controlled trial of 60
patients, which evaluated the effect of mobilisation within
Figure 2. Cumulative incidence function (CIF) of postopera-
tive discharge by days after surgery among patients surgically
treated for nonpathological first hip fracture by timing of
mobilisation.
48 h of surgery on 1-week postoperative walking distance,
length of stay and discharge destination [2,42]. The authors
reported a positive effect of early mobilisation on walking
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Figure 3. Additional discharges per 1,000 surgeries (95% CI)
in patients who mobilised early when compared with number
of discharges in patients who mobilised late.
of early mobilisation on length of stay compared with late
mobilisation [42]. However, 10 participants (35%) of the
early mobilised group failed to mobilise within 48 h of
surgery and one participant died in hospital [42]. Exclu-
sion of these cases from their analysis of length of stay
demonstrated a positive association between early mobilisa-
tion (n = 18) and length of stay when compared with late
mobilisation (n = 31). The current study builds on these
findings, demonstrating a positive association between early
mobilisation and an increased cumulative incidence of dis-
charge by 30-day postoperatively when compared with late
mobilisation, accounting for potential confounders and the
competing risk of death.
For hip fracture, there is currently six UK BPTs: time to
surgery within 36 h of arrival/inpatient fracture, assessment
by a geriatrician in the perioperative period, abbreviated
mental test preoperatively, fracture prevention, nutritional,
delirium assessments during the admission and assessment
by a physiotherapist the day of or day following surgery [7].
We propose mobilisation within 36 h of surgery as a new
BPT following hip fracture. This activity is already submitted
to the NHFD (enabling early implementation) and the evi-
dence presented here indicates a positive association between
early mobilisation and hospital discharge, a patient reported
goal of acute rehabilitation [5]. Inclusion of mobilisation
within 36 h of surgery as a new BPT would help to reduce
delays to mobilisation currently experienced by one-fifth of
patients admitted with hip fracture.
Future research
We demonstrated an association between mobilisation
timing and hospital discharge. We did not explore potential
mechanisms for this association. Some suggest early
mobilisation reduces the risk of postoperative complications,
which enables earlier discharge from hospital [3]. However,
there is inconsistent evidence for an association between
mobilisation timing and occurrence of complications. One
study noted an association between delayed mobilisation
and the occurrence of pneumonia and delirium after hip
fracture surgery [3]. Jans et al . reported a higher risk of
new-onset orthostatic intolerance with early mobilisation
after hip arthroplasty [28]. Further research is needed to
determine whether complications mediate the association
between mobilisation timing and outcomes after hip fracture
surgery.
In the current study, almost one-fifth of patients expe-
rienced delayed mobilisation. A recent UK Physiotherapy
Hip Fracture Sprint Audit collated information related to
reasons for delayed mobilisation [6]. Patient factors included
prefracture function, hypotension, agitation/refusal, pro-
cess factors included pain control and structural factors
included physiotherapy staffing and equipment [6]. ‘Other
complications’ was the most frequently reported reasons
for delayed mobilisation [6]. There is a need to determine
which factors delay mobilisation and whether these factors
moderate the association between mobilisation timing and
discharge.
The association between mobilisation timing and dis-
charge may vary across patient subgroups. For example, some
suggest those with greater immobility prefracture benefit
most from early mobilisation [43]. Patients with delays to
surgery may benefit more from early mobilisation than those
not delayed to surgery to reduce overall immobilisation time
[44]. Comparing the potential benefit of early mobilisation
across subgroups defined by patient, structure and process
characteristics may help to inform more effective resource
allocation.
We focussed on discharge as an outcome of hospital-
isation after hip fracture. A US prospective cohort study
of 532 patients reported associations between mobilisation
timing and 2-month mobility and 6-month mortality after
hip fracture [43]. More recently, an Irish study of 15,603
patients reported an association between mobilisation timing
and hospital mortality [45], whereas a UK study of 62,844
patients reported an association between mobilisation timing
and function at 30-day postdischarge, irrespective of which
healthcare professional supported early mobilisation [46].
It would be beneficial to further build on these studies
through adjustment for additional potential confounders
and considering the influence of missing data on outcomes
reported for complete case analysis.
Limitations
We completed a secondary analysis of the NHFD linked to
hospitalisation records. We adjusted our estimates for known
potential confounders. However, we cannot be certain that
the results were not influenced by unobserved confounding.
In particular, discharge may be influenced by the availability
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social capital [48, 49]. There is potential for bias due to
exclusion of patients with missing exposure or covariate data
from the complete case analysis presented. To determine the
impact of these exclusions we completed sensitivity analyses
whereby missing data were imputed. We estimated similar
rates and odds ratios for both complete case and imputed
analyses.
Conclusion
Early mobilisation led to a 2-fold increase in the adjusted
odds of discharge by 30-day postoperatively, accounting for
the competing risk of death and potential confounders. We
recommend inclusion of mobilisation within 36 h of surgery
as a new BPT to help reduce delays to mobilisation currently
experienced by one-fifth of patients surgically treated for hip
fracture.
Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
Acknowledgements: We are grateful to NHS Digital, NHS
Wales Informatics Service, and the Royal College of Physi-
cian’s Falls and Fragility Fracture Audit programme for pro-
viding the data used in this study. Salma Ayis was partially
supported by the National Institute for Health Research
(NIHR) Biomedical Research Centre based at Guy’s and St
Thomas’ NHS Foundation Trust and King’s College Lon-
don. The views expressed in this publication are those of
the authors and do not necessarily reflect those of the NHS,
the NIHR or the Department of Health and Social Care.
This publication is based on data collected by or on behalf of
Healthcare Quality Improvement Partnership, who have no
responsibility or liability for the accuracy, currency, reliability
and/or correctness of this publication.
Declaration of Sources of Funding: This paper presents
independent research funded by the National Institute for
Health Research (NIHR) under its Research for Patient Ben-
efit programme (Grant Reference Number PB-PG-1216-
20031). The views expressed are those of the author(s) and
not necessarily those of the NIHR or the Department of
Health and Social Care.
Declaration of Conflicts of Interest: The authors have
received grants from the NIHR related to this work. This
funding provides salary support for A.G. and partial salary
support for K.S., S.A., O.A., C.S., G.J. and C.P. K.S. also
received funding from the Chartered Society of Physiother-
apy Charitable Trust and UKRI Future Leaders Fellowship
for hip fracture health services research. F.C.M. was chair
of the board of the Falls and Fragility Fracture programme
who managed the NHFD audit at the Royal College of
Physicians. S.A. is funded by the NIHR Biomedical Research
Centre based at Guy’s and St Thomas’ NHS Foundation
Trust, King’s College London, and the Chartered Society
of Physiotherapy. C.S. received funding from the NIHR,
Dunhill Medical Trust, and the Chartered Society of Phys-
iotherapy for research not related to the current study. A.G.,
G.D.J., O.A. and C.P. declared no additional conflicts of
interest.
References
Additional references may be found in Supplementary File 4.
1. Royal College of Physicians. Falls and Fragility Fracture
Audit Programme. National Hip Fracture Database (NHFD)
Annual Report, London: Royal College of Physicians, 2019.
2. National Clinical Guideline Centre. The Management of Hip
Fracture in Adults. London: National Clinical Guidelines
Centre, 2011. https://www.nice.org.uk/guidance/cg124/evi
dence/full-guideline-pdf-183081997 (accessed 23 September
2020).
3. Kamel HK, Iqbal MA, Mogallapu R, Maas D, Hoffmann
RG. Time to ambulation after hip fracture surgery: relation
to hospitalization outcomes. J Gerontol A Biol Sci Med Sci
2003; 58: 1042–5.
4. Harper CM, Lyles YM. Physiology and complications of bed
rest. J Am Geriatr Soc 1988; 36: 1047–54.
5. Southwell J, Potter C, Wyatt D, Sadler E, Sheehan KJ. Older
adults’ perceptions of early rehabilitation and recovery after
hip fracture surgery - a UK qualitative study. Disabil Rehabil
2020; 1–8. doi: 10.1080/09638288.2020.1783002.
6. Royal College of Physicians. Falls and Fragility Fracture Audit
Programme. Recovering After a Hip Fracture: Helping People
Understand Physiotherapy in the NHS. Physiotherapy ‘Hip
Sprint’ Audit Report, London, 2017.
7. NHS England and NHS Improvement. 2017-18 and 2018-
19 National Tariff Payment System Annex F: Guidance on
Best Practice Tariffs, 2017. https://improvement.nhs.uk/do
cuments/1044/2017-18_and_2018-19_National_Tariff_Pa
yment_System.pdf (accessed 23 September 2020).
8. Kaboli PJ, Go JT, Hockenberry J et al. Associations between
reduced hospital length of stay and 30-day readmission rate
and mortality: 14-year experience in 129 Veterans Affairs
hospitals. Ann Intern Med 2012; 157: 837–45.
9. Klein JP, Moeschberger ML. Survival Analysis. Techniques
for Censored Data and Truncated Data. New York: Springer,
2003.
10. Pepe MS, Mori M. Kaplan-Meier, marginal or conditional
probability curves in summarizing competing risks failure
time data? Stat Med 1993; 12: 737–51.
11. Klein JP, Andersen PK. Regression modeling of competing
risks data based on pseudovalues of the cumulative incidence
function. Biometrics 2005; 61: 223–9.
12. Zhang MJ, Fine J. Summarizing differences in cumulative
incidence functions. Stat Med 2008; 27: 4939–49.
13. MedCalc. Relative Risk, Risk Differences and Odds Ratio.
https://www.medcalc.org/manual/relativerisk_oddsratio.php
(accessed 23 September 2020).
14. R Core Team. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing. 3.6.1.
Vienna, Austria, 2019.
15. Li J. CIFsmry: Weighted Summary of Cumulative Incidence
Functions, 2016. https://cran.r-project.org/web/packages/CI
Fsmry/ (accessed 23 September 2020).
16. Gray B. cmprsk: Subdistribution Analysis of Competing
Risks, 2014. http://CRAN.R-project.org/package=cmprsk







/ageing/article/50/2/415/5937552 by guest on 03 M
arch 2021
K. J. Sheehan et al.
17. Gerds T. prodlim: Product-Limit Estimation for Censored
Event History Analysis, 2014. http://CRAN.R-project.org/pa
ckage=prodlim (accessed 23 September 2020).
18. Hojsgaard S, Halekoh U, Yan J. The R package geepack for
generalized estimating equations. J Stat Softw 2006; 15: 1–11.
19. Sheehan KJ, Sobolev B, Chudyk A, Stephens T, Guy P.
Patient and system factors of mortality after hip fracture: a
scoping review. BMC Musculoskelet Disord 2016; 17: 166.
20. Fukui N, Watanabe Y, Nakano T, Sawaguchi T, Matsushita
T. Predictors for ambulatory ability and the change in ADL
after hip fracture in patients with different levels of mobility
before injury: a 1-year prospective cohort study. J Orthop
Trauma 2012; 26: 163–71.
21. Tang L, Hu Y. Ethnic diversity in the genetics of venous
thromboembolism. Thromb Haemost 2015; 114: 901–9.
22. Thorne K, Johansen A, Akbari A, Williams JG, Roberts
SE. The impact of social deprivation on mortality following
hip fracture in England and Wales: a record linkage study.
Osteoporos Int 2016; 27: 2727–37.
23. Huddleston JM, Gullerud RE, Smither F et al. Myocardial
infarction after hip fracture repair: a population-based study.
J Am Geriatr Soc 2012; 60: 2020–6.
24. de Luise C, Brimacombe M, Pedersen L, Sorensen HT.
Chronic obstructive pulmonary disease and mortality fol-
lowing hip fracture: a population-based cohort study. Eur J
Epidemiol 2008; 23: 115–22.
25. Belmont PJ Jr, Garcia EJ, Romano D, Bader JO, Nelson KJ,
Schoenfeld AJ. Risk factors for complications and in-hospital
mortality following hip fractures: a study using the National
Trauma Data Bank. Arch Orthop Trauma Surg 2014; 134:
597–604.
26. Neuhaus V, King J, Hageman MG, Ring DC. Charl-
son comorbidity indices and in-hospital deaths in patients
with hip fractures. Clin Orthop Relat Res 2013; 471:
1712–9.
27. Harstedt M, Rogmark C, Sutton R, Melander O, Fedorowski
A. Impact of comorbidity on 6-month hospital readmission
and mortality after hip fracture surgery. Injury 2015; 46:
713–8.
28. Jans O, Bundgaard-Nielsen M, Solgaard S, Johansson PI,
Kehlet H. Orthostatic intolerance during early mobilization
after fast-track hip arthroplasty. Br J Anaesth 2012; 108:
436–43.
29. Gulcelik NE, Bayraktar M, Caglar O, Alpaslan M, Karakaya
J. Mortality after hip fracture in diabetic patients. Exp Clin
Endocrinol Diabetes 2011; 119: 414–8.
30. Foss NB, Kristensen MT, Kehlet H. Anaemia impedes func-
tional mobility after hip fracture surgery. Age Ageing 2008;
37: 173–8.







/ageing/article/50/2/415/5937552 by guest on 03 M
arch 2021
